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Abstract  
 
Austenitizing during quench hardening of the ductile cast iron influences the content of carbon in austenite depending on the soaking heat. 
On the other hand, the saturation of austenite impacts its transformation in the ausferritizing process of a metal matrix and forming of 
microstructure. Ductile cast iron with the ferrite matrix was hardened with isothermal transformation in the range of ausferritizing in 
temperature tpi = 400 i 300 
0C and the range of time τpi = 7,5 ÷ 240 min. Specimens were gradually austenitized.  They were soaked in the 
nominal temperature tγ = 950 
0C, then precooled to the temperature tγ’ = 850 and 800 
0C. Microstructure was investigated,  there were also 
defined the proportion of austenite in the matrix of the cast iron  and the content of carbon in it and hardness and impact strength in 
unnotched specimens. It was stated, that the precooling temperature deciding on the content of carbon in austenite influences kinetics of 
the ausferritic transformation, the content of carbon in the γ phase and impact strength and, in a less degree, hardness. As a result of 
gradual austenitizing the cast iron after quench hardening, in some conditions of treatment, reached mechanical properties corresponding, 
according to the ASTM A 897 standard, with high grades of ADI. Chilling in the range of austenitizing in temperature 850 and 800  
0C  
led to the decrease of carbon in austenite what influenced positively on the matrix microstructure and properties of the ADI. Investigations 
in this range will be continued. 
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1. Introduction 
 
In technology of high quality grades of the ductile cast iron 
microstructure of the matrix, consisting of austenite and ferrite, is 
essential [1-3].  
Producing castings from the ADI cast iron, there is applied 
quench hardening with the isothermal transformation in order to 
create high-carbon austenite (approx. 2 %) and ferrite saturated 
with carbon in the matrix. Such a constant of microstructure is 
called ausferrite, and the process of the isothermal transformation 
of precooled austenite is called ausferritizing [4-6]. 
Austenitizing during quench hardening, consisting in heating 
in temperature higher than Ac1,2, has to homogenize the metal 
matrix and enrich austenite with carbon. During heating of the 
cast iron to austenite carbon atoms, coming from emissions of 
graphite, diffuse. The metal matrix austenitizing process and the 
role of graphite in its carbonizing were presented in the paper [7]. 
Heating of the cast iron during austenitizing practically takes 
places in range of 850 ÷ 950 
0C.  The effect of austenitizing 
depends on the chemical composition of the matrix, the input 
structure of cast iron before quench hardening, emissions of 
graphite, temperature and time of warming, and on homogenity 
of elements in eutectic grains also and growth of grains. 
Investigations on the ADI cast iron are mainly concentrated on 
the ausferritie transformation [3, 8-9]. It is very rational attitude 
because microstructure of the metal matrix has the main influence  
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on formation of high strength, good plasticity and  impact 
strength of the cast iron. 
In investigations  [9-12] it was shown, that the temperature of 
austenitizing  influences the level of impact strength of the ADI 
cast iron. Its impact strength is lesser with the growth of 
temperature. 
From the literature analysis it  appears, that the input 
saturation of austenite with carbon during heating in the range of 
temperature 850 ÷ 950 
0C can be Cγ = 0,7 ÷ 1,1 %. Furthermore, 
heating of the ferrite cast iron with lower temperature may cause 
with the incomplete eutectoid transformation. So, there was 
undertaken an experiment of quench hardening with the 
isothermal transformation of the ferrite ductile cast iron with 
austenite with possibly low equilibrium content of carbon. To 
create those conditions there were used thermal processes 
consisted of precooling and chilling in the range of austenitizing. 
Performed investigations concern the technological problems of 
improvement of production of the ADI –  high quality casting 
material. 
 
 
2. Material, program and methodology 
of investigations 
 
The investigated ductile cast iron was smelted in a hot blow 
industrial acid cupola. The spheroidization of  the cast iron was 
performed by the ML5 magnesium-alloy by means of the rod 
method in a reservoir of the cupola. The cast iron was cast to 
moist sand forms. The casts had the YII  ingot shape according to 
(PN  -  EN 1563:2000). The cast ductile iron was classified to 
species EN - GJS-500-7 basing on the static tensile test. The cast 
iron was characterized by the ferrite - pearlite (10 % pearlite) 
structure of the matrix and the correct nodular graphite form 
(11,5 % graphite on surface, 112 precipitations/ mm
2 of the micro 
section).The chemical composition and properties of the plain 
cast ductile iron are presented in the table 1. 
 
Table 1.  
Characteristic of cast ductile iron 
  Chemical composition, % mas 
Component  C  Si  Mn  P  S  Mg 
%, mas.  3,65  2,59  0,18  0,052  0,014  0,06 
Mechanical properties 
Rm, MPa  A5, %  HV10  KCG, J 
507  12,1  156  106 
 
Lower cuboidal parts of YII specimens were ferritizingly 
annealed according to the scheme presented in fig. 1. 
 
 
 
Fig. 1 The schema of dual-stage ferritizing annealing  
of the ductile cast iron 
 
The rods (cross - section 10,5 x 10,5 mm, length 200 mm) cut 
out from a cuboidal part of a  YII ingot,  were hardened with the 
isothermal transformation in accordance with the schema 
presented in fig. 2. 
 
 
 
Fig. 2 The schema of hardening with the isothermal 
transformation of the ductile cast iron rods 
 
 
 
The heat treated rods were cut into impact strength specimens 
with dimensions 10x10x55 mm. Specimens did not have notches 
(impact strength symbol – G). For each measuring point, in three 
samples, there was defined the breaking work using the Charpy 
pendulum machine with striking energy 300 J. On the cross 
section of the impact strength specimens, there were  executed 
metallographic sections, which were etched using 2 % solution of 
HNO3. Microstructure examinations were executed by means of a 
light microscope with different magnifications. 
On chosen specimens microstructure was photographed using 
magnification 500 x.  The X-ray diffractive analysis was 
performed applying radiation of a lamp with  cobaltic anode, 
filtered by iron. The diffraction lines were recorded from planes 
of ferrite {110} and austenite  {111} and {200}. The network 
parameter of the analyzed  γ phase and its content in the metal  
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matrix of the cast iron were defined. The content of carbon in 
austenite was evaluated from the formula from the paper [10]: 
 
00441 , 0
35621 , 0 a
C
−
= γ
γ  
(1) 
 
where: 
Cγ - content of carbon in austenite, mass percentage; 
aγ - network parameter of an elementary cell of austenite, nm. 
 
On the surface of the each metallographic section there were 
executed five measurements of Vickers pyramid hardness with 
load amounting 98,7 N. 
 
3.  The results of investigations and 
their analysis 
 
After the ferritizing annealing the matrix of the cast iron was 
deprived of the carbide phase (fig. 3). 
 
 
Fig. 3. Microstructure of the ductile cast iron after dual-stage 
ferritizing annealing. Magnification 500 x. etched using 2 % 
solution of HNO3 (Nital) 
 
Hardness of the ferritized cast iron resulted 143 HV10 and 
was 13 units smaller in relation to the raw cast iron. . The size of 
the ferrite grain equals 0,033 mm, (the number 6 of the ASTM 
standard scale) and it is 0,006 mm larger than in the raw cast iron 
(number 7). 
Energy (the breaking work) of the ferritizing cast iron 
amounted KGC=98 J and approximates energy KGC=106 J of the 
cast iron before the anaealing. 
Products of the isothermal transformation in temperatures 400 
and 300 
0C after precooling in temperature tγ’=850
  0C was 
ausferrite (fig. 4a, 4b). On the other hand, after precooling in 
temperature tγ’=800
 0C in the matrix of the cast iron ferrite was 
present apart from ausferrite, creating grains surrounding nodular 
emissions of graphite (fig. 4c), or as a discontinuous network   
(fig. 4d). It was stated, that the content of free ferrite in  the cast 
iron chilled in temperature tpi=400 
0C is larger than the content in 
the cast iron after the isothermal transformation in tpi=300 
0C.  
On this base it can be stated that a part of free ferrite was created 
in anisothermal conditions. 
 
a) 
 
b)  
 
c) 
 
d) 
 
Fig. 4. Microstructure of the cast iron precooled to temperature 
tγ’=850
 0C and chilled in tpi = 300 
0C (a) and 400 
0C (b) and – to 
temperature tγ’=800
 0C and chilled in tpi = 300 
0C (c) and 400 
0C 
(d) in time τpi = 120 min. Magnification 500 x. etched using 2 % 
solution of HNO3 (Nital) 
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Comparing microstructure of the cast iron after quench hardening 
from temperature tγ’ = 850
 0C and from temperature tγ’ = 800
 0C it can 
be stated that precooling and chilling in tγ’ = 800
  0C took place in 
intercritical conditions, so just below Ar1.1 , that is why the small part of 
austenite transformed in free ferrite. Therefore after quench hardening 
with the isothermal transformation in the matrix, beside ausferrite, there 
was free ferrite which content did not exceed 8 %. 
The isothermal transformation in temperature tpi=400
 0C and 
300
 0C caused that in the matrix of the cast iron the content of  the 
γ phase for the transformation in the range of upper ausferrite 
amounted 12 ÷ 22 %, and in the range of lower ausferrite 
amounted – 5 ÷ 10 % (fig. 5). 
 
 
 
 
Fig. 5. Influence of the precooling temperature tγ’ = 850
 0C  and 800
 0C 
and of the ausferritizing time τpi on percentage content of the austenite 
after isothermal transformation in temperature tpi = 400 
0C (curve 1; 2) 
and tpi = 300 
0C (curve 3; 4) 
 
Generally, according to literature data [3, 13-16], the content 
of austenite in upper ausferrite amounts –  40 % , whereas in 
lower – 32 %. 
The influence of ausferritizing time is diversified because the 
content of the γ phase in an initial period decreases, next increases, and 
then considerably decreases for tpi = 400 
0C, and in tpi = 300 
0C the 
decrease is small. Considerably different is the character of changes of 
the content of austenite after chilling in tγ’ = 800
 0C. In the first place the 
percentage content of the γ phase is smaller than in tγ’=850
 0C and time 
of chilling τpi influences the course of its changes. Enlargement of this 
time causes that in investigated time there is the continuous 
considerable (tpi = 400 
0C) and the smaller (tpi = 300 
0C) decrease of the 
content of the γ phase. In conventional quench hardening with the 
isothermal transformation the ausferritizing process is characterized by 
so called processing window which clearly shows the optimum 
percentage content of austenite in the ADI cast iron. In performed 
investigations in the course of changes of the content of austenite of the 
characteristic processing window is hard to define especially for   
tγ’=800
 0C (fig. 6). 
 
 
 
 
Fig. 6. The influence of chilling time τpi on carbon content Cγ in the 
hardened cast iron austenite from temperature tγ’ = 850 
0C  
(curve 2; 3) and 800 
0C (curve 1; 4) and isothermal transformation 
in temperature tpi = 400 
0C (curve 1; 2) and tpi = 300 
0C (curve 3; 4) 
 
The fig. 6 shows changes of the content of carbon Cγ  in 
austenite influenced by time of chilling  τpi. The ausferritizing 
process in temperature tpi = 300 
0C after chilling in tγ’=850
 0C and 
tγ’=800
 0C causes that in the initial period the content of carbon in 
austenite increases to some maximum which appeared in τpi = 15 
min. Enlargement of chilling time caused the decrease to the 
minimum content (approx. 1 %) for tγ’ = 800
 0C (curve 4) and for 
tγ’ = 850
 0C – approx. 1,1 % (curve 3). After reaching minimum 
values, by enlargement of transformation time, appeared the 
increase of the content of carbon in austenite. Similar character of 
changes of the content of carbon Cγ was in tpi = 400 
0C after 
chilling in tγ’ = 850
 0C (curve 2), but they appeared in the range of 
1,25 ÷ 1,35 %. Totally different is the course of  Cγ changes in  
tpi = 400 
0C after chilling in tγ’ = 800
 0C (curve 1). In the initial 
period of the change there is the decrease of the content after time 
τpi = 15 min, then the content of carbon increases. The content of 
carbon Cγ in austenite during the isothermal transformation is a 
result of appearing processes in upper and lower ausferrite. 
Changes of hardness of the hardened cast iron from 
temperature tγ’  = 850 and 800 
0C and chilled in temperature   
tpi = 400 i 300 
0C, under the influence of time τpi were shown in 
fig. 7. 
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Fig. 7. The influence of chilling time τpi on hardness of the hardened 
cast iron from temperature tγ’=850 
0C (curve 2, 3) and tγ’=800 
0C  
(curve 1, 4) 
 
The cast iron with the structure of upper ausferrite (tpi = 400 
0C) has smaller hardness than the cast iron with lower ausferrite 
(tpi = 300 
0C). Enlargement of time τpi  causes the decrease of 
hardness of the cast iron, but at the same time the character of 
hardness changes especially in tpi  = 300 
0C is susceptible of 
various interpretations. On the other hand the influence of 
chilling temperature tpi  is noticeable after the isothermal 
transformation in tpi = 400 
0C because hardness of the cast iron is 
higher for temperature tγ’=850
0C. Time of the isothermal 
transformation  in the metal matrix causes these changes in 
structures of austenite and ferrite, that form hardness of the cast 
iron. 
Impact strength of the ausferrite ductile cast iron after quench 
hardening from precooling temperature tγ’ = 850 and 800 
0C in 
the isothermal transformation in temperature tpi = 400 i 300 
0C 
and time τpi were shown in fig. 8. 
 
 
 
Fig. 8. Change of impact strength of cast irons under the influence of 
chilling time τpi in temperature  tpi = 400 i 300 
0C and after precooling 
in tγ’ = 850 
0C (curve 1,3) and tγ’ = 800 
0C (curve 2,4) 
 
The ausferrite cast iron has impact strength KGC (unnotched 
specimens) depending on conditions of quench hardening. Changes of 
impact strength has a non-monotone function of time of chilling τpi   
and temperature of the ausferrite transformation tpi. On the other hand 
the absolute magnitude of impact strength is higher for the cast iron 
precooled in temperature tγ’  = 850 
0C and chilled in temperature   
tpi  =  400 i 300 
0C. 
The cast iron with the structure of upper ausferrite   
(tpi = 400 
0C) has the highest coefficients of impact strength KGC 
during chilling in τpi  = 15 min. These coefficients amount   
KCG > 100 and 120 J/cm
2  (curve 1 and 2) conformably to 
precooling in tγ’ = 800 and 850
 0C. 
 
4. Conclusions  
 
The science literature informs, that in production of the ADI 
cast iron to quench hardening it is essential to take the cast iron 
with microstructure of the perlite or perlite – ferrite matrix. In the 
present work there was made an  attempt at quench hardening 
with the isothermal transformation in order to obtain the 
ausferrite matrix, the ductile plain cast iron with the ferrite 
matrix. 
In the austenitizing process of the matrix of the cast iron the 
effect of  variable solubility of carbon in the γ phase under the 
influence of supercritical temperature. There was also made an 
attempt at evaluation of the ausferritizing process by the changing 
content of carbon during gradual austenitizing. It is essential to 
expect that such a way of austenitizing should improve 
homogenization of austenite before the austenitezing process. 
During the ausferritizing process, basing on the participation 
of the γ phase in the matrix of the cast iron and the content of  
carbon Cγ  in it, it can be observed advantages resulting from 
gradual austenitizing. The main advantage concerns kinetics of 
the transformation, that according to the analysis, proceeds faster 
so ausferritizing can take place in shorter periods of time. 
From the presence of free ferrite in the matrix appears that in 
temperature tγ’=800
 0C  and time τpi = 30 min precooling appeared 
intercritical, in which proceeded the austenite transformation to 
the stable Fe – Cgrafit  system because a mixture ferrite – graphite 
has smaller free energy than ferrite – cementite.  
Basing on conducted investigations and their analysis there 
can be presented the following statements: 
1)  input saturation of austenite with carbon as a result of gradual 
austenitizing during quench hardening influenced kinetics of 
the transformation, the participation of the  γ  phase  in  the 
matrix of the cast iron and impact strength and, in a less 
degree, hardness of the cast iron, 
2)  appearance in the matrix of free ferrite (approx. 5 ÷ 8 %) 
beside lower and upper ausferrite did not influence essentially 
the level of the impact bending coefficient of the ADI plain 
cast  iron, 
3)  the ductile plain cast iron can be good casting material in 
production of ADI castings, 
4)  because of utilitarian matters processes of precooling 
and chilling may appear beneficial after further 
investigations. 
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